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GROUND PROXIMITY TESTS OF THE 0.03-SCALE MODEL 

(45-0) SPACE SHUTTLE ORBITER IN THE ROCKWELL 

INTERNATIONAL NAAL LOW SPEED WIND TUNNEL 

by 

R. Mennell, Rockwell International 

ABSTRACT 

Experimental aerodynamic investigations were conducted on a triple 

strut-mounted 0.03-scale representation of the 140A/B (modified) space 

shuttle orbiter configuration in the Rockwell International 7.75 x 11.00 

foot low speed wind tunnel during the time period from July 1 to July 7, 

1977. 

N U L  775. 

NASA designation for  this test was OA250; facility number was 

The primary test objectives were to define orbiter lateral-direc- 

tional stability characteristics in ground proximity and to investigate 

discrepancies in lateral-directional data obtained during previous N U L  

tests. In order to accomplish the above objectives, the orbiter model 

was mounted at various heights (h/b) above the NAAL ground plane at a 

fixed angle of attack (10') and sideslipped through an angle range of 

-5' Model h/b heights consisted of 0.20, 0.178, 0.125, 0.10 

and 0.075 at elevon deflections of Oo and 25". 

six-component Task internal strain-gaged balance (1.5" MK XIVA) was 

utilized to record a l l  aerodynamic force data. No pressure data were 

recorded, and all data presented are uncorrected for base pressure effects. 

!3 2 5'. 

For this test period, a 
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IloDM OF MODEL FICZUHFS 

Figure 

1. 

2. 

3. 

T i t l e  

Axis sgetems and s ign  conventions. 

a. Orbiter Axis Systems 

b. Control Surface Deflections 

Model sketches.  

a. Three-View of l b A / B  Modified Orbiter 
Configuration 

b. T a i l  Cone Configuration - E l 9  

Model photographs. 

26 
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29 
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% 30 

c. ?$AAL I n s t a l l a t i o n ,  Side V i e w  Configu- 
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NOMENCLATURE 

PLOT 
SYMBOL SYMBOL 

a 

CA CA 

CD CD 

CL CL 

cI1 CBL 

Cn CYN 

CN CN 

'm CLM 

CY CY 

M MACH 

P 

4 Q W F )  

RNIL RN/L 

Tt TT 

V 

U ALPHA 

B BETA 

~ B F  BDFLAP 

6, AILRON 

DEFINITION 

speed of sound; m/sec, ftlsec 

forebody axial-force coefficient 

drag coefficient 

lift coefficient; lift qs 
rolling-moment coefficient ; rolling moment 

yawing-momen t coe f f i cien t ; yawing moment 

normal-force coefficient; normal force 

pitching-moment coefficient; Pitching moment 

qSb 

qSb 

qs 

qShEF 

side-force coefficient; side force 
qs 

Mach number; V/a 

pressure, psf 

dynamic pressure, psf 

unit Reynolds number; per my per ft 

freestream total temperature OR 

velocity, ftlsec 

angle of attack, degrees 

angle of sideslip, degrees 

body flap deflection 

aileron deflection 

6E ELEVON deflection of elevons 



NOMENCLATURE (Concluded) 

PLOT 
SYMBOL SYMBOL 

XCP /L 

RUDDER 

SPDBRK 

% 
6sb 

b BREF 
- 
C 

LREF 

S SREF 

R~~~ 

MRP 

XMRP 

YMRP 

ZMRP 

SUBSCRIPTS 

b 

1 

S 

t 

m 

h/b 

DEFINITION 

center  of pressure locat ion,  percent of 
body length,  XMRP /LB- (CLM) (LREF) / (CN) (LB) 

rudder def lec t ion  

speedbrake def lec t ion ,  degrees 

Reference and C .  G. Defini t ions 

wing span o r  reference span; m ,  f t  

aerodynamic chord; m, f t  

reference length o r  wing mean 

wing area o r  reference area, f t 2  

moment reference point  

moment reference point  on X ax i s  

moment reference point  on Y ax i s  

moment reference point  on Z ax i s  

base 

l o c a l  

s t a t i c  conditions 

t o t a l  conditions 

freestream 

o r b i t e r  height over ground plane t o  
o r b i t e r  wing span r a t i o  

5 



COlWIGURA!PIONS INVESTIGATED 

The model u t i l i z e d  f o r  tes t  period OA25O was a 0.03-scale repre- 

sen ta t ion  of the  1 b A / B  space s h u t t l e  o r b i t e r  configuration. The basic 

model was of t h e  blended wing-body design u t i l i z i n g  a double d e l t a  wing 

(75°/450ALE), f u l l  span, d u a l  panel elevons (unswept hingel ine and 6" 

gaps),  a cen te r l ine  vertical t a i l  K i t h  rudder and/or speed brake de- 

f l e c t i o n  capabi l i ty ,  a canopy, a body f l a p ,  and an o r b i t a l  maneuvering 

system (CMS pods! mounted on t h e  aft fuselage sidewalls adJacent t o  the  

v e r t i c a l  tail. h n d i n g  gear simulation consisted of both nose and main 

landing gear  with e i t h e r  f u l l  extended o r  f u l l  r e t r ac t ed  capab i l i t y .  

The model was constructed pr lmari ly  of f ibe rg la s s  w i t h  wing panels 

of aluminum and consis ted of  both non-metric and metric sec t ions .  The 

m o d e l  non-metric s ec t ion  was supported by a t r i p l e  s t r u t  s t r u c t u r e  t h a t  

was r i g i d l y  mounted tn t h e  t es t  sec t ion  f l o o r .  

a threaded rod w i t h  a pinned c l e v i s  J o i n t  allowing variab1.e h/bw s e t t i n g s  

Each strut consisted of 

t o  be obtained. 

For t h i s  t e s t  period the  fo l lowiw nomenclature was used t o  d.esignate 

the  var ious model components: 

Camp onen t Description 

Orbi te r  fuselage per  Rockwell In t e rna t iona l  
l i n e s  VL70-@0Olk9A/B 

%6 

Orbi te r  canopy pe r  Rockwell In t e rna t iona l  
c9 l i n e s  VL70-00014C)A/B 

Orbi te r  ful l -span,  unswept hingel ine,  6" 
gapped elevons per Rockwell In t e rna t iona l  
l i n e s  VL70-900200 

E43 

6 



Component 

F8 

G15 

M16 

N24 

N2 8 

R5 

TC19 

v8 

w116 

Configurations Investigated (Concluded) 

Description 

Orbiter body flap per Rockwell International 
lines VL70-000200 

Orbiter landing gear per Rockwell International 
lines VL70-000140A/B 

Orbiter OMS pods per Rockwell International 
lines VL70-000203A 

Orbiter main propulsion system nozzles per 
Rockwell International lines VL70-000140A 

Orbiter OMS nozzles per Rockwell International 
lines VL70-000140A 

Orbiter rudder per Rockwell International lines 
VL70-000146A 

Orbiter tail cone fairing per Rockwell 
International lines BCD V70-30-330-02 

Orbiter vertical tail per Rockwell lines 
VL70-000146A (Model Drawing SS-A01360) 

Configuration 4, Rockwell International 
Drawing No. VL70-000140A, -000200 

7 



TEST FACILITY DESCRIPTION 

North American Aerodynamics Labora5ory (NAAL)  7.75 x 11-foot Wind 

Tunnel is a continuous flow, closed circuit, single return tunnel capable 

of speeds up to 200 miles per hour. 

The test section is vented to atmospheric pressure and is 7.75 feet 

high, 11 feet wide, and 12 feet long. Power is supplied by a 1250-horse- 

power nacelle-mounted synchronous motor driving a 19-foot, seven-blade, 

laminated birch propeller. Airspeed is controlled by using a magnetic 

clutch to vary the degree of coupling between the motor and propeller. 

Turbulence is minimized by a damping screen and a honeycomb section in 

the settling chamber upstream from the contraction cone (ratio 7.53 to 1). 

Tests may be conducted using a variety of mounting systems: single 

strut, double strut, sting strut, reflection plane, cable suspension, or 

two-dimensional wall. Aerodynamic data may be measured by a planar type 

external balance system or sting-mounted internal balances. An Astrodata 

Automatic Data Acquisition System collects, multiplexes, digitizes, and 

records on magnetic tape 50 channels of force o r  pressure data or both. 

Data are then reduced and plotted using automatic data processing equip- 

ment and an automatic digital plotter. 

The NAAL Wind Tunnel has been operating since June 1943. Calibra- 

tions are available over a wide range of,test conditions. 

8 



DATA REDUCTION 

The aerodynamic force  data Dresented i n  t n i s  reportweremeasured by 

the Task Corporation 1.5 inch d i a m e t e r  MK XIVA i n t e r n a l  s t r a i n  gage 

balance. 

model tunnel  blockage e f f e c t s  on tes t  sect ion dynamic pressure.  

pressure measurements, other than tunnel  parameters, were recorded and 

a l l  da taareuncorrec ted  f o r  base pressure e f f ec t s .  

Corrections applied t o  the aforementioned data consisted of 

No 

9 
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I REYNOLDS NUMBER 
(per foot) MACH NUMBER 

TABLE I. 

TEST : W53 I IDATE : 7 / 7 / 7 7  

DY NAMlC PRESSURE TAGNATION TEMPERATUF 
(degrees Fahrenheit) (poundshq. inch) 

TEST CONDITIONS 

0.20 

1 
1 

1.42 x 106/ft .  60#/ft .2 8oo .-) 120% 

I I I I 

I I I 

1 

BALANCE UTILIZED: 1.5" TASK MK XIV A 

CAPACITY: ACCURACY: 
COEFFIC IENT 
TOLERANCE: 

YM I 
COMMENTS: 

11 

Lns: mo 
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TEST RUN NUMBERS I 
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I I I  I 
TEST RUN NUMBERS' 

i ~ i l l l  I l l 1 1 1 1  
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TABLE 111. MODEL D I " N S 1 O N A L  IIATA 

MODEL C C M P 0 " T :  BODY - B 2 6  

GENERAL DESCRIPTION: Configuration 14QA/B Orbiter fiselage. NfTE: %6 

is identical to B24 except underside of fuselage h a s  been refaired to 

accept w116. 

MODEL s c m :  3.930 MODEL DRAWING: SS-AO0147. Release I2 

DRAWING IPUMBER: VL70-000143B, -0W230, - r ) ! m O 5 ,  -906089, -900145, 
n 7 3  -OQO  MA, - of19 1 4 9 ~ ~  

r m I o N s :  

Lengtrl (OML: 

Length (IML: 

Max Widtri (@ X, = 1528.3), In. 

Max Depth (@ X, = 1564), In. 

Fineness Ratio 

Area - Ft 

Fwd. Sta. X, = 235), In. 

Fwd. Sta. X, = 238), In. 

2 

Max. Cross-Sectional 

FU'U SCALF: MODEL SCALE 

1293 3 38.799 

1299 0 3 33 9 709 

264.0 7 920 

250.90 7 500 

0.264 0.2611 

34'3.88 ,J. 3068 

14 



1 .  
TABLE 111. MODEL DI?<EI?SIOFAL DATA (Continued) 

MODEL CCMPONENT: CANOPY - cg 

GEN3IIAL DESCRIPTION: Configmation 3A. Canopy used with fuselage 

B26 

MODEL SCALE: 3.03~ MODEL DRAWING: SS-AW147. Release 12 

DRIVING W E R :  

DIMEXSIONS : FGLL SCALE MODEL SCALE 

Length (Xo = 434.643 to 578), In .  4.391 

Max Width (CEO = 513.127), In. 152.412 4 572 

143 - 357 

Max Depth (ao = 485.9), In. 25. -m 9.759 

15 



TABLE 111. MODEL DIMENSIONAL DATA (Continued) 

*43 
NODEL COMPONENT: 

Gl3NXRA.L DESCRIPTION: Configuration l b A , / B  o r b i t e r  elevon. NOTE: Fq3 

S m  ESEYON (6-inch ~ a p )  - 

i s  a s l o t t e d  vers jon of  %6. Data are for one si.de. 

MODEL s c m :  q.033 

DRA!qING "MBEZ3: TL7O-OO%!oO, -936989, -0O6O92 

DIMENSIONS : FiJIJL scm 

219. ')o 2 Area, F t  

Span (equivalent) ,  In .  349.2 

I n b  ' d equivalent  chord, In .  118.094 

Outb 'd equivalent  chord, In .  55.1'42 

Rat io  movable surface chord/ 
t o t a l  sur face  chord 

A t  Inb'd equiv. chord 

A t  Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Trailing Edge 

Hingeline 

0.2096 

c). 4 m 4  

9.33 

-10.056 

0.09 

Area Moment (Product of Area & F )  , Ft3 1587.25 

Mean Aerodynamic Chord, I n .  9 . 7  

MODEL S C m  

0.189 

i o .  476 

3.540 

1.656 

0.2096 

3.4404 

'3.30 

-10. ~ 5 6  

9.90 

3.1343 

2.721 

16 



TABLE 111. MODEL DDiEISCOiUL JJA'ZA (Continued) 

MODEL CCWONENT: 

GENERAL DESCIIIPTION: 

Hingeline located a t  Xo = 1528.3, Z, = 284.3 

BODY FLAP - F8 
Configuration l h A / B  o r b f t e r  body Plat). 

MODEL SCALE: 0.030 MODEL DRAWING: Sf,-A00147. Release 12 

DR4:XtNG NUMJ3ER: VL7O-0OOlkJA,  -0'Yl145 

DINENSIONS : Fum SCALE 

Length (Xo = 1520 t o  X, = 1613), In .  93 90 

Max Width, In .  262.19 

Max Depth (@X = 1520). I n .  23.00 

Fineness Ratio 

Area - F t  2 

P lm f o m  150.535 

Base 41. 'q47 

MODEL SCALE 

2.7P 

7.86 

0.69 

9.496 

9.113 

e 
17 



!CABLE 111. MODEL DPIQSIQHAL DA!M (Continued) 

G15 MODEL C C I J P r n :  

GEEEZAL DESCKfPTIOWr Wain and nose landing gear door and struts. 

MODEL SCALE: 0.03 

BOsE GEAR: 

Bo. Wheels 
Wheel axis: 

hatelage Station, In .  
Waterline, In. 

Azeelage Station 
Waterline 

Strut diameter, In. 
Wheel diameter, In .  
Wheel Width, In. 
Wheel Centerline-to-centerline width, In.  
Side door: 

Height ( f o l l o w  body contour), In. 
Leading Edge location, F.S. 
Trailing Edge location, F.S. 

Pivot axis: 

MAIH GEAR (Tvo Struts): 

BO. of wheels (per strut) 
Wheel axis: 

Fuselage Station, In. 
Waterline, In. 

Fuselage Station, In.  
Waterline, In. 

Main Strut Diameter, In. 
Wheel Diameter, In. 
Wheel Width, In. 
Wheel centerline-to-centerline width, In. 
Side door: 

Pivot axla : 

jtewth, In. 
Width, In. 

lqJLL scm 

2 

374 741 
221.506 

375 506 
298 . 000 

7 716 
32.000 
89 790 

22.000 

18.518 
272 049 
381.926 

2 

ll71.086 
175 432 

1180.000 
283.012 

9.568 
44.198 

36.090 
16.049 

148.148 
61.728 

MODEL SCALE 

2 

11.242 
6.645 

11.265 
8.940 
0.231 
0.960 

0.660 

0.556 
8.161 

0.264 

11.458 

2 

35 133 
5 -263 

35.400 
8.490 
0.287 
1.326 
0.481 
1.080 

4.444 
1.852 

18 



TABLE 111. MODEL DIMENSIONAL DAW (Continued) 

MODEZ CCMPONENT: CMS POD - Mi6 

GENERAL DESCRIPTION: Configuration 140C orbiter CMS pod - short  pod. 

MODEL SCALJE: 0.030 

DRAWING NUMBER: v~70-0084O1. -938410 

DIMEXSI GNS : FULL SCALE MODEL SCALE 

Length (CMS Fwd. Sta .  Xo = 1319.5). In. 258.50 7.755 

Max Width (ao = l 5 l l ) ,  In. 136.8 4.194 

Max Depth (69x0 = 1511). In. 74.73 2.241 

Finenesa Ratio 2.484 2.484 

Area - fi2 
Max Cross-Sectional 58.864 9.953 

19 



TABLE 111. MODEL DD4EXSIOXAL DATA (Continued) 

MODEL CCMPONENT: MPS NOZZLES - N24 
GENERAL DESCRIPTION: Configuration 140A/B orbiter MPS nozzles 

MODEL SCALE: 0.930 MODEL DRAWING: SS-AOO147, Release 12 

DIT4ENSIONS : 

MACH EO. 

Length - In. 
G i m b a l  Point to Exit Plane 
Throat t o  Bit Plane 

Diameter - In. 
mit 

Area - I+ 
Exit 

Gimbal Point (Station) - In. 
Upper Noz z l e  

X 
Y 
Z 

Lower Nozz le8 
x .  
Y 
Z 

Null Position - Dee,. 
Upper Nozz le 

Pitch 
Yaw 

Lower Nozz l e  
Pitch 
Yaw 

FULL SCALE MODEL SCAIIE 

4.71 
2.976 

91.00 2.73 

45 17 0.0407 

1445. 43 35 
0 0 

443.00 13 029 

1468.17 44.045 
6 3  9 0 0  +I. 59 
342.64 10.279 

16 16 
0 0 

10 10 
3-5 3.5 

20 



TDLE 111. MODEL DIMENSIOiUL DATA ( C o n t i n u e d )  

MODEL COPONENT: Nom= - 1428 
GETJERAL D B C R I P T I O N :  Configuration l b A / B  orbiter CMS nozzles. 

MODEL SCALE: 0.030 

DRATiJING NUMBER: V L 7 O - O O O l b A  (Location) SS-AgOl06, Release 5 (Contour) 

DIMENSIONS : FULL SCAm MODEL SCALE 

MACH NO. 

Gimbal Point (Station), In. 
L e f t  Nozzles 

XO 
YO 

. zo 

1518.0 
-88.0 
492.0 

45 54 
-2.65 
14.76 

Right Bozz l ee  
XO 
YO 
20 

Null Position - Deg. 
Left Nozzles 

Pitch 
Yaw 

Right Rozzles 
Pitch 
Yaw 

1518.0 
88.9 
492.0 

15O49 
12'17 

45 54 
2.64 
14.76 
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TABLJ3 111. MODEL DIMESSIONAL DATA (Continued) 

MODEL COMPONENT: RUDDER - Fbj 

GENEEM, IZESCRIFTION: Configuration l&C orbi te r  rudder ( i d e n t i c a l  t o  

Configuration 140A/B rudder) 

MODEL SCALE: 0.030 

DRAWING NUMBER: VL7O-O0C)l46B, -000095 

DIMENSIONS : 

2 Area, F t  

span (equiva len t  ) , I n .  

Inb 'd  equivalent chord, I n .  

Outb'd equivalent chord, In .  

Ratio movable sur face  chord/ 
t o t a l  surface chord 

A t  Inb 'd  equiv. chord 

A t  Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

T r a i l i n g  Edge 

Hingeline 

FULL scm 
loo. 15 

201.00 

91.585 

50 833 

0.40~1 

0.490 

34.83 

26.25 

34.83 

Area Moment (Product of area & F) , Ft3 610.92 

Mean Aerodynamic Chord, I n .  73 

MODEL S C D  

0.090 

6.030 

2.748 

1,525 

0.409 

0.409 

34.83 

26.25 

34.83 

0.0165 

2.196 
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DRAWING NUMBER: 

DIMENSIONS : 

Length (TE 

Max. Width 

Max. Depth 

T A B L E I I 1 a . -  MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: Tailcone - T C l 9  

GENERAL DESCRIPTION: 

the  o r b i t e r  f e r r y  configuration. 

Afterbody t a i l cone  used w i t h  body ~ 2 6  t o  simulate 

SCALE MODEL = .03 

SS-AO1681 
VL70- 30- 330-02 

, i n .  

i n .  

i n .  

Area, f t 2  

Max. Cross-Sectional (Xo 1523) 

Frontal  

FULL SCALE MODEL SCALE 

459.3 13.779 

303 9.090 

286 8.380 

504.6 .0454 

469.9 0.423 
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TABLE III. MODEL DlMExTSIONAL DATA 

MODEL COMPONENT: m c A L  - v8 

GENERAL DESCRIPTION: Configuration 14OC o r b i t e r  v e r t i c a l  tail 

( I d e n t i c a l  t o  configuration 14OA/B v e r t i c a l  tail) 

MODEL SCALE: 0.030 

DRAWING NUMBER: V L 7 O - O O O l b C ,  -000146B 

DIMENSIONS : 

TOTAL DATA 

Area (Theo.), ft2 
Planform 

FULL S C m  MODEL SCAJX 

413 *253 0 372 

9 472 Span (meo.) ,  i n .  315 72 

19 675 1 675 Aspect Rat io  

0.507 0 507 Rate of Taper 

0.494 0.404 Taper Rat i o  

Sweep Back Angles, degrees 
Leading Edqe 
T r a i l i n g  Edge 
0.25 Element Line  

45.000 
26.25 
41.13 

45.090 
26.25 
41.13 

Chords: 
Root (Theo. ) WP 
Tip (Theo.) WP 
MAC 
Fus. Sta .  of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

268.50 
108.47 

1463.35 
635 52 

199. a1 

0.0 

8.055 
3.254 
5 9 994 

43.991 
19.066 
0.r) 

A i r f o i l  Section 
Leading Wedye Angle, deg. 
T ra i l i ng  Wedge Angle, deg. 
Leading Edge Radius 

1’3.00 
14.92 
3.m 

10.00 
14.92 
0.060 

Void Area 13 17 0.0019 

Blanketed Area 
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TABLF, 111, MODEL DIMENSIONAL DATA (Concluded) 

GENERAI; DE%"TION: Configuration 4. NCVI'E: Identical to W114 except 
airfoil thickness. Dihedral angle is along trailing edge of wing. 

MODEZ COMPONXNT:. ~ ~ - w 1 1 6  

MODEL SCALE: 0.930 DRAWING NO. : VL70-000l.bA, -000200 
DIMENSIONS : 

TOTAL DATA 
'=eo. 1, ft2 

Planform 
span (Theo.), in. 

Rate of Taper 
Taper Ratio 
Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 

I Aspect Ratio 

Leadins Edge 
Trailing Edge 
0.25 Element Line 

Root (Theo . ) B. P. 0.0. 
Tip, (Theo.) B.P. 
MAC 
Fus. Sta. of .25 MAC 

Chords : 

W.P. of .25 MAC 
. B.L. of .25 MAC 

EXPOSED DATA 
Area (mea. 1. f t 2  
span, ‘(mea: j ,  in. BP108 
Aspect Ratio 
!Paper Ratio 
Chords 

Root BP108 
Tip 1.00 b/2 
MAC 
Fus . 
W.P. 
B.L. 

Airfoil 
Root 

FULL SCALE 

2699.90 
936.68 

2.265 
1 177 
0.200 
3 500 
0.500 
3. goo 

45.000 - 10.056 
35 9 299 

689.24 

474.81 
137 85 

1136.83 
290.58 
182.13 

720.68 
1751.50 

2.059 
0.245 

562. '39 
137 85 
392 83 

Sta. of .25 MAC . 1185.98 
of .25 MAC 294.30 
of .25 MAC 251.77 
Section (Rockwell Mod NASA) xxXX-64 
b/2 = 0.113 

Tip b/i = 0.120. 
Data for (1) of (2)  Sides 

Leading Edze Cuff 
Planform Area, ft2 113. l a  
Leading Edge Intersects Fus M.L. @ Sta 500.09 
Leadins Edge Intersects Wing @ Sta 1Q24.00 

MDDEL SCALJ3 

2.421 
28.10 
2.265 
1- 177 
0.200 
3 500 
9 .500 
3.009 

45.000 - 10.056 
35 9 299 

20.677 
4.136 

8 717 
5.464 

1.576 
21.620 
2.959 
9.245 

16.863 
4.136 

11.785 
35 579 
8.829 
7.553 

9.113 

14.244 
34.135 

9.120 

9 192 
15.90 
39 e 7 2  
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Hinge I Y o m e n  t 
Positive Aero Forces. 

and >loments Deflection of Angle 

I I 
I I 

I 
I 

I Right ,  BeR -4 I ’Cf 
- 

Left, 5, I +d I +Cf I -%, 

Aileron, Sa I +4 1 +Cf I 
I Body Flap,  6bf I -a -8 

b, Contro l  Surface Deflections 
Yigure 1. Cone lud ed . 
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a .  NAAL Ins t a l . l a t i on ,  T h r e e - Q u a r t e r  Front  V i e w  / 

ronr',riirc+.ion €& Cq "5 M16 Fc, w116 E43 V8 R5 E 1 9  

b, NAAL I n s t a l l a t !  on. Rear V i e w  C m f i g u a t i  on 
B26 CO G l 5  Mi6 F8 VI16 E43 V8 R5 

Figure 3. Model nhotographs. 
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c .  NAAL I n s t s l l a t i o n ,  Side View Configuration 
%?h c9 G i 5  %6 F8 w1i6 Eh3 v8 R5 "10 

d .  NAAL I n s t a l l a t i o n ,  Front  V i e w  Conf igura t im 

Figure 3 .  Concluded. 
826 c9 G15 %6 F8 wii6  "113 VR "5 
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APPWDIX 

Tabulated Source Data 

Tabulations of plotted data are available on request from Data Management 
Services 
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